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Introduction

The South Platte Watershed encompasses 3.8 million acres from the mountains to the Denver
Metro area and into the plains. In 2011, over 50 public and private stakeholders, under the
leadership of US Forest Service and US EPA formed the South Platte River Urban Waters
Partnership. The partnership area boundary includes the majority of the South Platte River
Watershed. The primary goal of the partnership is to engage stakeholders in protecting and
restoring lands and waters in the South Platte River watershed. In order to attain these
progressive goals, and manage a highly diverse set of natural resources and interests, the
Colorado State Forest Service secured funding from the US Forest Service and began building
the South Platte Natural Capital Resource Assessment i From Mountains to Plains (South Platte
Natural Capital Assessment).

The South Platte Natural Capital Assessment is a collaborative natural capital (also called green
infrastructure) assessment undertaken by a diverse project team (Figure 1). Over the course of
20 months, this team: catalogued existing data sources, identified the most important natural
assets in the watershed and then mapped the natural capital and valued the ecosystem services
produced throughout the watershed. Finally, a decision-support tool was produced to assist
stakeholders with prioritizing future investments in the watershed, whether for preservation or
conservation. The South Platte River Urban Waters Partnership will use the resource assessment
and decision support tool to prioritize future investments in either conservation or restoration
throughout the watershed based on the natural capital of the region and the value of the
ecosystem services that natural capital provides.

Figure 1. South Platte Natural Capital Project Team
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Project Description
The Watershed

The South Platte River Watershed provides extensive value, approximately $7.4 billion per year
in ecosystem services, to the economy and people of the watershed. The Natural Capital Asset
Map and Ecosystem Services Valuation Maps produced through this assessment, provide a
visual representation of the natural assets and ecosystem services provided by each of the 3
project areas (Upper Watershed, Denver Metro and Plains) and collectively by the entire
watershed. By better understanding and communicating the network of natural assets and value
they produce for the people of the watershed, the Urban Waters Partnership can better
communicate with decision-makers and funders. Stakeholders can use the data and tools from
this assessment to prioritize and invest in preservation and restoration activities that will increase
the quality and value of natural capital in the watershed.

Project Delineation Area

The Natural Capital Resource Assessment

delineated three distinct project areas within the 3.8 555,795
million acres of the watershed: Upper Watershed,

Denver Metro, and Plains. The three project areas

differ in size, with the Upper Watershed 2195,778 1,088,211
encompassing over 57% (>2.1 million acres) of the

entire South Platte Watershed, while the Plains and

Denver Metro project areas encompass roughly

28% (>1 million acres) and 15% (>550,000 acres),

respectively (Figure 2 and Figure 3).

Denver Metro Area Plains Upper Watershed

Each of these project areas has unique attributes
and data sets that necessitate breaking the overall Figure 2. Acreage of the South  Platte

. . L. Watershed per Project Area
South Platte Project Area into three distinct areas. For
example, the Denver Metro Project Area is a densely developed urban area characterized by
large areas of impervious surface, which differs considerably from the two other project areas
(Figure 4). Additional defining attributes between the three project areas include:

w The Denver Metro, based on NLCD 2011 data, consists of over 60% developed area,
compared to only 8% in the Plains and less than 2% in the Upper Watershed (Figure 4).

w The Upper Watershed is dominated by evergreen forest (45%), while the two other project
areas contain less than 5% of this land cover (Figure 4). The abundance of evergreen
forest, including the natural capital that forests provide and the management of wildfire,
necessitated delineating the Upper Watershed Project Area.

w The Plains is dominated by herbaceous (41%) and agriculture (34%) land cover types
(Figure 4). Although the Upper Watershed encompasses over 30% herbaceous land, it is
primarily located in the high elevation South Park area, which is a different herbaceous
land type than found in the Plains. The Plains abundance of agriculture (34%) is a marked
difference from the two other project areas, which is acknowledged in the Natural Asset

mapping.
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Figure 4. NLCD 2011percent land cover per project area

While there are important land cover attributes that differentiate the three project areas, just as
important in the delineation process are the data sets available for each project area. Thus,
previous work performed and data availability influenced the project area delineation process as
much as, or more so, than the land cover attributes of each project area. A few key examples
include:

w The Denver Metro Project Area coincides with 2013 Denver Metro UTC Study boundaries.
There are some populated areas that were not included in the Denver Metro 2013 UTC
study, but are included in the Denver Metro Project Area. These areas fall between the
Upper Watershed and the Denver Metro project areas and were included in the Denver
Metro Project Area due to their developed (urban) nature.

w The Upper Watershed Project Area corresponds to the mountainous areas to the west of
Denver that are dominated by native forest. Much work has been done in these areas in
an effort to mitigate wildfire risk and flooding. For example, two organizations, the Coalition
for the Upper South Platte (CUSP) and the Upper South Platte Partnership (USP), have
done considerable work in the Upper Watershed. Both organizations have prioritized
several Upper Watershed HUC 12s for implementation of mitigation actions aimed at
reducing risk of wildfire. Thus, the Upper Watershed Project Area includes these prioritized
HUCs as well as adjacent forested mountainous areas, including portions of the Front
Range and the Clear Creek drainage that were not included in the CUSP and USP work.

w Once the Denver Metro and Upper Watershed project areas were delineated, the
remaining area of the South Platte Watershed was delineated as the Plains Project Area.
The Plains Project Area corresponds to the low slope, generally herbaceous and
agricultural dominated landscapes to the south and east of the Denver Metro Project Area.

The three project areas are organizational for data, methods and prioritization. The final Natural
Capital Asset map, Ecosystem Services Valuation (ESV), and prioritization apply to the entire
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project area and can be summarized by any boundary. Therefore, the project areas defined herein
do not hinder summarizing the final data layers created through this project using any boundary
(e.g. HUC, County, Municipality, etc.).

The People

Over 50 public, private and non-profit stakeholders are actively engaged in the South Platte River
Urban Waters Partnership. Of these stakeholders, over 40 were active in collaborating on the
stakeholder driven planning process of the South Platte Natural Capital Resource Assessment
(Appendix C stakeholder list). Stakeholders represent all geographies of the South Platte
watershed, from Mountains to Denver Metro to Plains; and are engaged in all facets of
management, including urban infrastructure, outreach and education, water quality, wildland fire,
water resources and more. Stakeholders provided over 40 key data sources that are the
foundation for the natural capital and ecosystem services valuation products created for this
project (reference meta-analysis).

In addition, stakeholders determined which natural assets were most important to the people and
environment of the watershed (see Natural Assets of Importance section) and which prioritization
categories (See Prioritization section) t o
support tool. By directly informing all aspects of the project, the urban waters partners now have
a valuable resource and decision-support tool that provides the data, information and prioritization
tools to maximize future investments throughout the watershed.

The Planning Process

The South Platte Natural Capital planning process is founded on active stakeholder engagement
facilitated by the project consultant team (Ecosystem Sciences Foundation, Plan-1t Geo and Earth
Economics) in collaboration with the project directors (Colorado State Forest Service, US Forest
Service and US EPA); collectively the project team. Through all aspects of the planning process,
data was gathered from stakeholders and project outputs were produced (natural capital asset
map, ecosystem services valuation, etc.) based on extensive stakeholder guidance and input.
The resulting resource assessment and outputs reflect the priorities of the managers and
stakeholders within the watershed, ensuring they can be used to effectively inform management
decisions for years to come (Figure 5).
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Methods

The project directors and stakeholders recommended over 40 datasets that informed and shaped
the project (see Meta-analysis section). A subset of these datasets was used to create a Natural
Capital Asset Map (i.e. Green Infrastructure [GI] map), inform the Ecosystem Services Valuation
(ESV), and define the prioritization and case studies for this resource assessment.

Natural Assets of Importance (NAI)

Natural assets of importance and prioritization categories were identified by project directors and
the stakeholder team and used to organize data sources and inform all aspects of the project.
The resulting resource assessment and project outputs (Natural Capital Asset map and ESV)
reflect the value of the watershed as identified by the stakeholders who live, work and play in the
watershed. A total of seven natural assets of importance were identified by the stakeholder team
as being valuable to the environment and people of the South Platte: native forest resources,
productive agricultural resources, wildlife habitat, clean drinking water, healthy waterways, access
to nature, and urban ecosystem resources and parks (Table 1). The Natural Capital Asset Map
categorized and weighted all data sources according to these Natural Assets of Importance to
ensure the resulting natural asset rank reflects the stakeholder identified values of the assets
within the watershed.

Table 1. Natural Assets of Importance

Upper Watershed (6) Denver Metro (6) Plains (6)

Native Forest Resources Urban Ecosystem Resources & Parks Native Forest Resources
Productive Ag Resources Productive Ag Resources Productive Ag Resources
Wildlife Habitat Wildlife Habitat Wildlife Habitat

Clean Drinking Water Clean Drinking Water Clean Drinking Water
Healthy Waterways Healthy Waterways Healthy Waterways
Access to Nature Access to Nature Access to Nature

Natural Capital Asset Mapping

The Natural Capital Asset map was derived based on stakeholder identified datasets and Natural
Assets of Importance, and weighted according to stakeholder identified criteria. The map provides
the foundation for the Natural Capital Resource Assessment and all project outputs.

Creating the Natural Capital Asset map follows similar Green Infrastructure (Gl) efforts such as

Karen Firehockés Strategic Green I nfrastructure P
for the U.S. (http://www.esri.com/about-esr i / greeninfrastructure). ESRI
strategically planned and managed network of open spaces, watersheds, wildlife habitats, parks,

and other areas that deliver vital services and e
Infrastruct ur e Center defines GI as Athe interconnected
that provide clean water, air quality and wildlife habitat. Green infrastructure sustains a

communitybés social, economi c, and esmod,imappingsé nt a l h

or natural capital entails identifying the natural components of a region that inhabitants value and
creating of map of these components. The resulting Natural Capital Asset Map and Decision
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Support Tool provide a valuable resource for stakeholders and managers to prioritize future
investments throughout the watershed.

The South Platte Watershedds Natur al Capital As s
existing datasets provided by project stakeholders (see Meta-Analysis section), organized and

ranked according to Natural Assets of Importance which were also identified by the stakeholders

(Table 1). It must be acknowledged that the scale of the Natural Capital mapping differs per project

area. For example, the available GIS data (e.g. Urban Tree Canopy) for the Denver Metro Project

Area is of a higher resolution (Im vs. 30m) than the available data (NLCD) for the Upper

Watershed and Plains project areas. Table 2 documents the datasets and Figure 6 details the

weighting employed to create the Natural Capital Asset map. All mapping was performed in

ArcGIS 10.5. The datasets in Table 2 were weighted and then combined in ArcGIS. Combining

the 16 layers in ArcGIS resulted in a watershed wide layer consisting of 30m pixels, with each

pixel given a score based on the weighting criteria in Figure 6. Scores ranged from a low of -3 to

a high of 37. Because of differences in natural characteristics and datasets, the overall watershed

wide Natural Capital dataset was broken into the three project areas. A natural break classification

met hod was used to reclassify each project areasbo
ranged from 0 to 4, with O indicating limited to no natural capital and 4 indicating high quality

natural capital. The Natural Capital class (0-4) is indicative of the amount of natural assets of

importance that each pixel supports. For example, a class value of 4 indicates that the pixel

supports multiple natural assets of importance.

Table 2. Datasets and sources used for Natural Asset Mapping.

Dataset Source

Wetlands Colorado Wetland Inventory

Rivers National Hydrography Dataset (NHD)
Lakes and Reservoirs National Hydrography Dataset (NHD)
Parks and Open Space DRCOG/COMAP

Elevation National Elevation Data (NED)
Recreation Density CSFSs

Habitat for Imperiled Species CSFS

Contiguous Area NLCD 2011

Urban Forest Denver Parks and Recreation 2013
Riparian NLCD 2011

Agriculture NLCD 2011

Forest Treatment Area CSFS, USFS, BLM, Landfire

Trails DRCOG/COMAP

Urban NLCD 2011

Wildlifre CSFS, USFS, BLM

Human Modification CSFS

Additional information on the Natural Capital Asset Map can be found in the Natural Capital Asset
Map Atlas output of the resource assessment (See Outputs Section).
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Ecosystem Services Valuation (ESV)

The goal of the Ecosystem Services Valuation (ESV) analysis is to provide ecosystem service
values for natural assets of the South Platte River watershed. This section describes the steps
taken in the valuation analysis. The first step is to assess the extent of natural capital in the study
area. Next, values for ecosystem services are determined. Finally, these two datasets are
combined to estimate the total value of economic benefits provided by the South Platte River
watershed.

The ESV is based on existing land cover data, National Land Cover Database (NLCD)
(USDA/NRCS 2011). In addition, the NLCD data was supplemented by other existing datasets
per project area to further refine the value of ecosystem services based on the condition of the
resource. For example, the Denver Metro Project Area relies on the 2013 UTC Assessment data,
but is also cross-walked to the NLCD data. Additional data was used to supplement the NLCD
and improve the accuracy and precision of the economic analysis.

The Ecosystem Services Valuation (ESV) was performed using the Benefit Transfer Method
(BTM) and Earth Economics6online tool EVT. EVT is an online database of extensive ecosystem
service valuation literature. BTM applies previously published ecosystem service values (based
on land cover classifications) from comparable ecosystem types and transfers them to the South

9 @D Natural Capital Resource Assessment
South Platte River Watershed



Platte Watershed. This process is analogous to a home appraisal in which value and comparable
features of neighboring homes are used to estimate the value of the home in question.

The ESV outputs (Table 8) are presented in a range (minimum, maximum, average) to highlight
the range of variability of values for each natural asset of importance. The values provided include
an array of different potential demand scenarios and states of the environment. By extracting
values from a large pool of studies and contexts, the average illustrates a well-informed value
approximation, while the minimum and maximum values display the variability and uncertainty in
the data. These ESV outputs are also based off the best available data and, if anything, under-
represent the total value of ecosystem services produced throughout the watershed. It is
important to note that a gap in the ecosystem service valuation literature does not necessarily
mean that the ecosystem does not produce that service or that the service is not valuable. Rather,
it shows a lack of primary, peer-reviewed data for that service. For example, agricultural land
provides many ecosystem services to people, such as food for human consumption, habitat for
small prey species, and aesthetic beauty. Yet the valuation literature does not contain quality
value estimates for food provisioning in this region. Hence, all of the values for ecosystems
included in this analysis should be viewed as underestimates. Appendix B describes the ESV
methods in more detail.

Ecosystem Service Fram ework

Natural Capital consists of the minerals, energy, plants, animals, and ecosystems found on Earth
that provide a flow of natural goods and services. Ecosystems perform natural functions (such as
intercepting rainfall and preventing soil erosion) and provide goods and services that humans
need to survive (e.g., a clean water supply and reduction of downstream flooding). The benefits
that humans receive from nature, many of which are generally taken for granted, are known as
ecosystem goods and services.

In 2001, an international coalition of over 1,360 scientists and experts from the United Nations
Environmental Program, the World Bank, and the World Resources Institute assessed the effects
of ecosystem change on human well-being. A key goal of the assessment was to develop a better
understanding of the interactions between ecological and social systems, and in turn to develop

a knowledge base of concepts and methods that

~

wo u

that can enhance the contribution of ecosystems to humanwell-b e i ng. 0 This study p

landmark Millennium Ecosystem Assessment, which classifies ecosystem services into four broad
categories according to how they benefit humans (Figure 7). These categories are as follows:

w Provisioning goods and services provide physical materials and energy for society that
varies according to the ecosystems in which they are found. Forests produce lumber,
agricultural lands supply food, and rivers provide drinking water.

w Regulating services are benefits obtained from the natural control of ecosystem
processes. Intact ecosystems keep disease organisms in check, maintain water quality,
control soil erosion or accumulation, and regulate climate.

w Information services are functions that allow humans to interact meaningfully with nature.
These services include providing spiritually significant species and natural areas, natural
places for recreation, and opportunities for scientific research and education.
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w Supporting services include providing shelter, promoting growth of species, and
maintaining biological diversity. These services are the basis of the vast majority of food
webs and life on the planet.

The ecosystem services valued for the South Platte Natural Capital Project are shown in Figure
8. The ecosystem services that were not valued in the South Platte Natural Capital Project are
shown in Figure 9.

Figure 7. What Are Ecosystem Services
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